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SUMMARY 


The Prototype Wash Water Waste Renovation Systsn was integrated with 
the Government furnished Spacecraft Utensil/Hand Cleansing Fixture (PWWWRS/ 
SURCF) into a single payload rack. The system vas tested and conforms to 
the Tentative Wash Water standards by NASA. 

The system is based on a multifiltration concept Involving coagulation/ 
flocculation, pressure filtration adsorption and ion exchange developed under 
Contract NAS 9-15931. 

Long-term testing of the PWWWRS system alone produced product water 99 
percent soap free. 

A trade-off analysis comparing power requirements between PWWWRS emd 
VCD indicates a power advemtage of the PWWWRS system. 

The system functions as an integrated module and has been demonstrated 
as functional with repeated cycling, 

A preliminary operations manual for the combined system has been pre- 
pared. 

An additional program is recommended aimed at optimizing the performance 
of the PWWWRS through: 

. Identifying trace organic material (s) in the product water which 
is not being removed by the adsorbers, and reformulating the soap 
so as to avoid this component (s) which resists removal, 

. Conducting extended testing of the prototype system, evaluating 

the reliability of system components, and correcting any mechanical 
or electrical problems which may arise, and 

. Evaluating the ability of the GFE microbial check valve to 
eliminate or minimize the presence of microorganisms in the 
product water. 
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INTRODUCTION 


Longer space flights are beconing more frequent and with a significant 
number of Life Sciences experiments aboard Shuttle payloads being proposed, it 
has become necessary for NASA to identify techniques to conserve and reclaim 
water. Pernaps the single greatest source of contaminated water frexn such 
proposed missions is wash water from hand washing and bathing. A typical 
wash water might contain approximately 0.15 percent soap, 50 ppm sodium 
chloride, 30 ppm sodium sulfate, lesser amounts of other heavy metal salts, 
urea, lactic acid and onollients; and trace amounts of miscellaneous suspended 
and colloidal materials such as hair, lint, viruses, bacteria, grease, and soil. 
Considering the conqplex nature of typical wash water contaminants, it is only 
natural that NASA is considering a multifiltration concept as one possible ap> 
proach to renovating such vrater. 

During the performance of Contract NAS 9-15369, Breadboard Wash Water 
Waste Renovation System, Springborn Laboratories, developed a total renovation 
concept for removing objectionable materials from spacecraft wash water in order 
to make the water reusable. This concept includod ferric chloride pretreatment 
to coagulate suspended solids such as soap emd lint, pressure filtration, and 
carbon adsorption 2 md ion exchange to remove trace dissolved organics and in- 
organic salts. 

To develop the system concept, Springborn Laboratories designed and con- 
structed a breadboard model which was then used to demonstrate the design 
adequacy of the veurious system components as well as the limits on system 
capacities and efficiencies. For demonstration testing, synthetic wash waters 
based on both Ivory Soap and ML-11 liquid soap were used. 

The culmination of this program was operation of the breadboard model 
for a period of five days, with approximately 40 processing cycles per day. 

Over that period, the breadboard generated product water that was well within 
the Tentative Wash Water Specifications for total organic carbon, specific 
conductivity, NaCl, etc. 

Contract NAS 9-15911 involved development of a "Prototype Wash Water Waste 
Renovation System", a logical follow-on to the previous progreun. 
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On« objective of this program was that tha prototype syatam be capable of 

acccmmodatlng variations in soap concentration as well as trace animal wastes 
as might be found from a typical hand wash operation aboard shuttle. This unit 
had to be capable of operating satisfactorily under repeated cycles - as 
many as forty per day. 

It was also a goal that the product water from the prototype system con- 
sistently meet the Tentative Wash Hater Standards# and be capable of 99% soap 
removal . 

with the exception of certain modifications# the basic design concept 
used was the same as that employed on the Breadboard Wash Water Waste Renovation 
System# a "multi filtration** scheme based on coagulation/fluocculation, pressxire 
filtration# adsorption# and ion exchange. 

As part of this program# a dispenser was designed and developed which allows 
for stoichiometric proportioning of ferric chloride soluticn and liquid soap 
concentrate; balancing of the two materials ensures optimum precipitation of the 
soap during pretreatment. 

Jet agitation was selected as the optimum mixing technique for blending 
ferric chloride and soapy wash water during precipitation. 

The completed prototype system was operated over a period of seven days# 
using ML- 11 liquid soap. During the extended testing# operating parameters 
such as soap concentration# and degree of mixing were investigated. All pro- 
duct water was well within the Tentative Wash Water Specifications for conduc- 
tivity# Total Organic Carbon# Total Nitrogen# and chloride ion concentration. 

The purpose of the current program was to integrate the Space Utensil/Hand 
Cleansing Fixture (SUHCF) and Prototype Wash Water Waste Renovation (PWWWRS) 
systems and deimsnstrate the functional adequacy of the combined unit. It was 
also an objective to verify the ability of the combined systems to produce 
good quality product water on repeated cycling in accordance with the Tentative 
Wash Water Standards of the Statement of Work. 

With the exception of interfacing with the SUHCF system# the basic system 
and treatment concepts for the waste water renovation are the same as those 
employed under Contract NAS 9-15931# Prototype Wash Water Waste Renovation 


Systam. The renovation portion or the conblned ayetaae contlnuee to employ 
a "multlflltratlon" scheme for the treatment of soapy wash water, based on 
coagulatlon/flocculatlon, pressure filtration, adsorption and Ion exchange. 

To accomplish these objectives, Sprlngborn Laboratories: 

e Conducted long-term testing of the PWWWRS system without the 
hand cleansing fixture In order to Identify the capacities of 
expendable components, analyze system failures, and demonstrate 
the 20 alllty of the system to process water satisfactorily over 
eui extel^ded period under "mission simulation" conditions. 

e Conducted a trade-off analysis In order to compare various water 
treatment schemes to determine If there was adequate justification 
for substituting vapor compression distillation In place of the 
adsorber and/or the Ion exchange portions of the renovation 
system. 

e Integrated the renovation and hand wash fixture systems. 

e Demonstrated the functional adequacy of the combined systems, and 
the ability to treat water to the Tentative Wash Water Staiuiards 
on repeated cycling. 

e Prepared a preliminary operations manual which Identifies system 
operations, limitations, routine maintenance, and Q.C. on all ex- 
pendedsle Items. 

This final report summarizes the work conpleted under Contract NAS 9-16501. 


TASK li CONDUCT EXTENDED OPERATION OP THE PROTOTYPE 
WASH WATER RENOVATION SYSTEM 


r '»nor Modlflc*tlon« 

Prior to oxtondod oporation of tha prototypa, wa hava mada soma minor 
modifications to tha dispansar and mixing chambar portions of tha systam. 

Farric Chlorida/Liquid Soap Dispansar 

For construction of tha dispansar system undar Contract NAS 9-15931, 
Skinnar two-way stainlass staal valvas (B.' DAI 052) wars usad on tha soap sida 
(SI and S2 in Figura 1) and for corrosion rasistanca, Nacom Taflon body valvas 
(M 442ClAFR-*Ht) wara usad on tha farric chlorida sida (FI and F2 in Figura 1). 
During d«nonstration tasting, a disparity shows»d up in tha voluaas dispansad 
by aach sida of tha systam which was tracad to tha valvas. During oparation, 
tha valvas thamsalvaa act lika fluid dispansars by pushing a small voluma of 
liquid ahaad of tha valva plungar as it closas. 

Sinca tha two sats of valvas wara of diffarant dasign, this valv»-dis- 
pansad fraction was diffarant for aach sida of tha dispansar. To aliminata tha 
disparity, tha Skinnar valvas hava baan raplacad by anothar sat of Naccxn valvas 
on tha soap side of tha dispansar. 

Mixing Chambar 

During damonstration tasting of PWWWRS during Contract MAS 9-15931, wa 
expariancad stratification of tha product watar coming from tha filtars which 
suggastad that thara was insufficient mixing of tha wash watar and farric 
chlorida in tha mixing chambar. To ovarcoma tha problem temporarily, the 
filtrate was circulated through tha mixing chambar a second time. 


The mixing problem appeared to be two-fold, too low a fluid flow rate 
through the jet agitator and insufficient mixing between the cylinder at the 
bottom of tha mix chambar and tha bodj of tha chambar (saa Figura 2) . 


ORIGINAL PA.J2 Sa. 
OF POOR QUALITY 



FERRIC CHLORIDE 
SOAP DISPENSING SYSTEM 

Figure 1 
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S0AP/FeCl3 DISPENSER DOUBLE DIAPHRAGM 
REVISED DESIGN 




To chock tho flow, wo dloconnoctod tho botton ploto from tho mix chombor, 
pro«o\iricod cloon wotor through tho oyston frooi tho wooto otorogo tank outlot 
to tho agitator at 20 polg, and moaourod tho flow through tho SC-10 agitator. 
Tho roaults «ioro aa follows t 

Flow Bato through SC-10 Agitator (20 paig) 
ad/aoc Gallona/Minuto 


Aa toatod on prototypo 14.2 to 14.5 

Approxinato rato during — 

dononstration tasting 

Aa statod by aupplior — 

Aa toatod on tho bonch SC'O 


0.22 to 0.23 
0.13 


8.0 


4.8 


Tho flow rato was moro than an ordor of magnituda alowor on tho prototypo 
than on tho bmchi tho pr^laai was tracod to prossuro drop through two "throo- 
way” valvos in tho lino botwoon tho %raato storago and mix tanks. Thoao valvos 
havo orificaa in tho activatod position of only 1/16 inch, with a C^ factor of 
0.085 (Skinnor B 14DK 1075). Thoao valvos «rara roplacod with largor modols 
having hi^r C^ factors (skinnor AC OB 2127) . This roaultod in a flow rato 
throo timos that provioualy moaaurod. 


Tho mixing chaabor had a comparativoly narrow constriction botwoon 
tho cylindor at tho bottom of tho tank and tho main body of tho vosaol. 

This ono inch diaaotor holo provonts adoquato honogonoous mixing throughout 
tho batch. 

Consoquontly, during doaonstration tooting, tho Initial portion of tho 
soapy wator transforrod to tho mix chaabor %ras forric chlorido rich (ovordosod) , 
%diilo tho last portion of soapy wator to ontor tho vossol %«as soap rich (undor- 
dosod with forric chlorido) . 


To alloviato this problom, tho baso of tho tank was porforatod with 1/2 
inch holos to allow diffusion of tho wator botwoon tho vossol body and 
cylindor. 
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SYNTHETIC WASH 


M>f rials 

Pr—ixsd 
Sodlun Chlorid* 
SodiuB Sulfats 
Coppar sulfata 
PotaasiuB Chlorida 
Zinc Chlorida 
Glucoaa 
Lactic Acid 
Uraa 
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Ttie jet agitator mixing head was originally installed horizontally so 
that the jets sprayed radially within the bottom cylinder. To in^rove the 
mixing, the mix head was remounted vertically, so that the spray from the 
jets flows axially within the chaniber, with a portion of the flow directed 
into the bo<fy of the tank. 

Following these modifications, a batdi of wash water was generated using 
30 nominal shots of soap and water (2cc and 240cc respectively) . This waste 
water vas processed as before and the product collected after the filter and 
before the adsorber. There was no visual evidence of stratification in the 
filtrate . 

Dispenser 

Repeated eissembly and disassembly of the acrylic dispenser resulted in a 
great deal of weeu: and tear particularly on pipe fittings. Therefore, the 
cavities of the dispenser were remadiined. For added durability while still 
allowing see-through clarity, the dispenser was also fitted with steel end 
plates. These plates were drilled and tapped for connection with ferric 
chloride and soap lines, and se<U.ed to the acrylic with machine screws and 
RTV silicone (refer to Figure 2) . 

Extended Test Program 

In order to gather information on system relifibility and the lifetime of 
expendable conponents such as filters, and ion exchange resin, the PWWWRS 
system was operated under simulated end-use conditions for a period of 30 
days. This mission simulation was conducted using the following operating 
parameters: 


"washes "/day 
volume of soap/"wash" 
volume of water/"wash" 
water renovation 


40 

4.5 cc 

270 cc (0.6 pounds) 

on a batch basis every two days 
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Water spiked with trace amounts of salts, glucose, urea and lactic acid 
(see Table 1) was poured into a wash basin simulator on the unit. Soap solu- 
tion (15% ML-ll) was dispensed directly into the basin by the PWWWRS. No 
actual hand washing took place during the simulation. 

During each treatment cycle, water was transfered to the mix chamber at 
30 psig air pressure where it was allowed to stand overnight in contact with 
the ferric chloride solution. Treatment of the water through the multifiltra- 
tion portion of the unit was conducted the following morning again at 30 psig. 

To monitor system performance, water samples were taken after the filter, 
adsorber, and ion exchemge columns during the treatment phase. 

The follo’ang data was gathered during the mission simulation: 

• cvimulative volume of water processed 

e flow rate (time) to the mix chamber and through the "multi- 
filters" for each batch of water processed 

e pressure drop across the filter, adsorber, and ion exchange 
.column 

e residual soap in the product water, before and after the absorber, 
for each batch of water processed 

e resistivity on the product water before and after the ion exchanger 

• occasional checks on TOC, and total nitrogen on the final product 

e weight of t*ie dispenser diaphragms before and after the test 


The results of the extended operation are summarized in Table 2 . This 
simulation was equivalent to 60 days of operation under nominal conditions 
of 20 washes per day. 

Overall performance was good throughout the simulation. Final conduc- 
tivity of the product water was 500,000 ohm-cm or better (less than 1 ppm salt) 
except when the resin became exhausted. Residual soap content of the product 
was 0 to 10 ppm. 

Transfer time from the waste storage tank to the mixing chamber was con- 
sistently 7 to 8 minutes throughout the test (i.e., approximately 3 liters/ 
minute) . This rate proved adequate to' prevent stratification of the batch 
during mixing. 


Filter Life 


Pressure drop across the filter cartridges tends to build up gradually 
with the accumulation of soap/ferric chloride sludge on the surface of the 
filter-. After approximately 110 liters of water were filtered/ the housing 
was filled to capacity with sludge, and the pressure drop across the filter 
approached that of the 30 psig operating pressure. At this point, the fil-> 
ter cartridge was changed (i.e. roughly every ten days) . From this data, 
we estimate that under nominal operating conditions (20 washes/day and 2.25 
cc of soap per wash) each filter cartridge will last approximately 40 days. 
Filter useful life should be planned for 30 days to assure against over- 
filling the filter housing 


Soap removal by the filter was within an acceptable range, and was con- 
sistent with results seen both on the bench in jar experiments, emd in pre- 
vious work on the PWWWBS. Under the operating conditions used, the soap 
concentration in the wash water was approximately 2410 ppm; typical removal 
rates were as follows: 


Residual Soap After 
the Filter 


Percent Soap 
Removed 


High (165 ppm; 93.2 
Low ( 50 ppm) 97.9 
Average 

(approx. 110 pjan) 95.4 


Adsorber Performance 

Based on the soap analysis of the product water after the adsorber as 
presented in Table 3, there was no detectable loss of adsorber performance 
after processing more than 300 liters of water (660 pounds or 80 gallons) . 
Based on 100 ppm average concentration of residual soap going into the 

t 

adsorbers, there was a soap loading of approximately 30 grams on the two 
adsorber cartridges in series, by the end of the simulation. •- 

However, final TOC analysis on the product water for batches 7, 10, and 
13 (Table 3) indicates that all of the residual organics were not being re- 
moved . 
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PERFORHMICE OF PHWHRS DURING EXTENCffiD OPERATION 
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(4) fresh ion exchange resin 

(5) bad batch of resin 
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To aid In Idantifylng where the final TOC was originating, additional 
amalyses were conducted on bathes 7 and 10 both before the adsorber and after 
adsorber but before the deionizer (Table 3 ) . The "before adsodser" data re- 
vealed that there was between 45 and 77 ppm TOC that could not be acco\inted for 
Ly fatty acid soap. In addition, this non-soap TOC was not being removed by 
the adsorbers. Possible sources for this organic component are: 

. The deionized water. TOC analysis on the water found 22 ppm TOC. 

This could be from the ion exchange resin, but is more likely from 
the incoming water. 

. The glucose, urea, and lactic acid added to the synthetic wash 
water. These only account for approximately 5.4 ppm of the TOC, 
however. 

. The B»st likely source for the non-soap TOC is a hydrophilic 
component (s) of the soap solution, possibly an emollient such 
as glycerin. 

Further work with the soap manufactvirer euid additional analysis to iden- 
tify the organic material is suggested as a future prog:;am. 

Compaurison of the TOC after the adsorber and final TOC in Taible 3 indi- 
cates that a small amount of organic material was being put back into the water 
by the ion exchange resin. According to York Beseaurch, this is not unusual, 
particularly with fresh ion exchange resin as has been used during the mission 
simulation. 

TON data in Table 2, is consistent at approximately 4.5 ppm; this is 
equivalent to the 10 ppm \irea being added to the synthetic wash water amd 
indicates that for batches 7, 10, and 13 none of the urea is being adsorbed. 

Ion Exchamge Life 

Data from the mission simulation is plotted in Figure 3 as cumulative 
volume of water versus conductivity for three sepaurate resin refills. The 
conductivity of the water began to drop (electrolyte content goes up) sig- 
nificantly after approximately 50 liters of water have been treated, and by 
70 liters the resin was nearly expended. With approximately 960 pp”" of K Cl 
in the wash water, this volume of water equated to an exchange capacity of 
67 grams of K Cl for 1/16 ft^ of IPN-150 resin. 


- 16 - 


(8 O 
U DO 
> (0 
CO 

B U 

s 0 . 

= B 
CO H 

U Eh 
Z O 

M 

s s 

^ 3 

B O 
Eh ^ 

o a 
> 

> M 

S 3 

M D 
E- Z 
CO 3 
w O 
CO 



o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

e 

Ik 

« 

% 

% 


o 

e 

o 

e 

o 

o 

o 

o 

in 

o 

o 

o 

in 

n» 


% 

* 




(N 






Uio-Uiqo UT AlIAIJiSISan 


17 


CUMULATIVE VOLUME OF WATER PROCESSED (Liters) 


During operation undar nosiinal conditions of 20 washas par day, 0.4 
pounds of watar par wash and 2 cc of soap par w^sh (750 pf»n KCl) the ion ax- 
dianga rasin refills (1/16 cubic foot) should last approximately 21.7 days. 

During the test, there was a build vp of pressure drop across the 
ion exchanger. This was traced to plugging of a solenoid valve with resin 
particles from the ion exchanger. The unit was repaired to prevent future 
loss of resin. 

The adsorber units offered little pressure drop; pressure drop through- 
out the simulation was between 1 and 2 psig. 

Dispenser Performance 

During the 30 days of testing, the dispenser and diaphragms were sub- 
jected to 2400 cycles. At the end of the test, there was no visual evidence 
of cracking or crazing in either diaphragm. 

During the test, the diaphragms gained 0,9% and 1.2% weight on the fer- 
ric chloride and soap sides of the dispenser respectively. On drying, the 
ferric chloride diaphragm lost nxsst of this weight gain which was presumably 
water. The soap diaphragm retained most of its weight gain on drying; this 
retained wei<^t was likely fatty acid or possibly leuiolin from the soap, in 
either case, it is not expected that these small weight gains will have a 
significant effect on the lifetime of the diaphragms. 

Malfunctions 

The only problem encountered during the 30-day simulation was plugging 
of the valve directly under the mixing chamber during treatment of the mixed 
wash water through the multifilters. The plugging was caused primarily by 
pieces of hard floe which lodged in both the entrance port and orifice of 
the solenoid valve. This prob_<3m occurred on approximately half of the 
batches that were treated, and required dismantling and cleaning of the 
valve each time. 

To correct this problem, the Skinner Model B2DA1 052 two way solenoid 
valve was replaced by a motor driven ball veULve (Jenkins Model 1350 1/2" 
ball vadve with Model 212 electric motor actuator) . The "straight-through" 

design of this valve eliminated any further plugging of the line between 
the mix chamber and filter housing. 
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TABLE 4 


PRODUCT WATER QUALITY VS TENTATIVE WASH WATER STANDARDS 



Standard 

Mission Simulation: 
Final Product Water 

Total Organic Carbon 

(TOC), mg/1 

200 

19 to 103 

Specific Conductivity, 

2000 (500) 

0.5 to 2 

umho*-cm“^ 


(400,000 to 2,000,000) 

(resistivity ohm* cm) 

pH 

5 to 7.5 

6.3 

Ammonia, mg/1 

5 


Turbidity, ppm Si02 

10 

None 

Color, Pt-Co Units 

15 

None 

Foaming 

Non persistent more 

Non persistent less 


than 15 seconds 

than 5 seconds 

Odor 

Non objectionable 

None 

Total Dissolved Solids 

1500 

1 

(TDS) , mg/1 

Urea, mg/1 

50 

10 

Lactic Acid, mg/1 

Reference only 

— 

NaCl, mg/1 

1000 

l(l) 

Microorganisms , 

0 

— 


Number per ml 


( 1 ) 


as a function of conductivity 




Overadl Performance 


The overall performance of the PWWWRS was good producing renovated wash 
water that was well within the Tentative Wash Water Specifications (see Table 
4 ). 

During saiqpllng and analysis throughout the run, it was noted that the 
Sandies after the adsorber, although clear and water white when taken, de- 
veloped a fine reddish-brown precipitate on standing. This material was ap- 
parently elemental iron resulting from a slight overdosing of the wash water 
with ferric chloride. 

Of course, during normal operation, the water after the adsorber passes 
directly into the deionizer, and the precipitate does not have a chance to 
develop. The iron, then presumably in ionic form, is removed by the ion 
exchange resin. No color or precipitate developed in samples taken after 
the deionizer. 

Following the mission simulation, the two in-series activated charcoal 
adsorber cartridges were cnit open «md examined. There was no evidence of 
microbial growth in either cartridge, but there was some accumulation of 
unfiltered floe material in the porous plastic distributor plates at the 
ends of the first adsorber cartridge. No such floe was evident in the 
second adsorber. 
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'XmSK 2t CX)NDUCT A TIU^E-OFF ANALYSIS 
TO CCMPABE VARIOUS WATER TREATMENT SCHEMES 


As the PWWWRS existed at the cceipletlon of Contract NAS 9-15931, the 
treatment concepts of coagulation, filtration, adsorption and ion exchange ap- 
peared effective, but long-term performance was untested. Preliminary testing 
has indicated that the treatment concepts are suitable, but alternative meth- 
ods have not been examined closely. Specifically, there exists the possibility 
that the use of distillation in place of adsorption and ion exchange or just 
ion exchange might be more energy, space, and weight efficient. 

Therefore, a trade-off analysis was conducted in order to con^are 
weight, space, and power requirements as well as system complexity for the 
following treatment schemes: 

e Present PWWWRS with adsorber and ion exchange columns, 

e PWWWRS without ion exchange followed by occasional vapor 
compression distillation (VCD) , 

e PWWWRS without ion exchange and adsorber columns followed b/ 
occasional VCD, and 

e VCD alone. 

VCD Units 

The second and third schemes listed above assume that product water from 
PWWWRS will be recycled and that VCD will be performed only when the electro- 
lyte or total organic contents (TOC) in the filtrate reach unacceptable levels. 
We have assiimed that such a VCD unit would be avai\able edx^ard shuttle and 
would be of sufficient size and capacity to handle processing of occasional 
PWWWRS product water. 

The VCD unit to be employed would be similar to those preprototypes being 
developed by Life Systems and Lockheed Missiles and Space Corporation. Rep- 
resentative operating parameters for such units appear in Tedsle 5. The ncminal 
values listed at the bottom of the table are those being used in the trade-off 
analysis. 
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PWWWBS Prcprototypa 


The following eesuirptlone were used in constructing this trsde-off 
anslysis t 

e The weight of PWWHKS is essentially the present projected weu.ght 
of the unit as Integrated with the hand cleansing fixture (SUHCF) 

but without the frame. We have assumed that the control panel 
would be miniaturised using integrated circuitry, but no other 

weight reduction measures have been assumed. 

• The "wash to waste storage" section of the integrated system in- 
cluding the double bladder waste storage/water supply tank is 
part of SUHCF and not PWWW^3. 

e Counters and other control panel displays will use LCD with 
negligible po%^r requirements. 

e Nominal treatment parameters used are as follows; 

- Batch treatment of forty 0.4 lb aliquots of wash water 
evitry two days or 7.26 kg (16 lbs) . 

- Wasto transfer and pretreatment will take 5 minutes* 

- Treatment to water storage will require 30 minutes. 

e A 1/8 horsepower compressor will be used to maintair air press 're 
above all bladder tanks and will operate approximately 1% of the 
time or 30 minutes over a 48 hour period between treatment cycles. 

Operating Parameters 

Table 6-A con?)ares operating parameters for PWWWRS with and without ad- 
sorbers and/or ion exchange against those of a typical VCD preprototype. 

The PWWWRS and VCD preprototypes are approximately the same in terms of 
weight and volume. Elimination of the adsorbers and ion exchange columns from 
PWWWRS reduces the overall weight by 13 pounds or approximately 14%. Volume 
reduction is approximately 13%. 















As eiqpected with a phase chan^ operation, power requirements for VCD on 
a per kilogram of water processed beisis are more than an order of magnitude 
greater than for PWWWBS. Elimination of the adsorber and ion exdiange sec- 
tions of the PHWWRS has a negligible effect on power requirements. Refer 
to Table 6-A. 

l^proximately 60% of the power requirement for PHWWRS is for the air 
compressor; most of the remainder is for solenoid vad.ves. 

The VCD will process a nominal 1.0 kg/hr of product water. This is based 
on an efficiency or duty cycle of eq>proximately 80%. The PVfWWRS is projected 
to <^rate approximately 1% of the time (one 35 minute treatment cycle every 
two days) to treat 7.26 kg of water per bat<di or an average of 0.15 kg/hr. 

If the ion ex<duuige ooluosi were removed from PWWWRS, the electrolyte con- 
tent of the product water would build tp at approximately 250 pfan/treatment 
cycle. Therefore, it woxild be necessary to run the product water through 
VCD every fourth cycle in order to meet the tentative wash water standards 
(Table 7) . This would increase the overall power requirement for treatment 
as outlined in Table 6 b. 

If the adsorbers wei<^ also removed, it would be necessary to distill 
every third batch in order to keep the TOC level below 200 ppm, again with an 
increase in power required. 


TASK 3: INTEGRATE PROTOTYPE WASH WATER RENOVATION 

SYSTEM WITH SPACE CRAFT UTENSIL HAND 
CLEANSING FIXTURE 

The assonbling of the PWWWRS and government- furnished SUHCF was ac- 
complished in Task 3 without impairing the functions of either system. The 
soap dispensing function of the PWWWRS was retained and this same function 
in the SUHCF was eliminated. To maintain stoichiometric balance between 
soap and ferric chloride, the PWWWRS dispenser system must be used. Ccmipact 
packaging of the four tanks was made possible with improved volume utiliza- 
tion using smaller size mixing and waste water storage tanks. 

The payload envelope constructed of Unistrut® channel members closely 
res^obles a payload rack per JSC-16464A. The flight version of the PWWWRS/ 
SUHCF prototype, will require modifications to conform to interfacing require- 
ments of JSC-16464-A. The prototype assembly danonstrates the feasibility of 
meeting dimensional requiranents . 

The assembly of the completed prototype PWWWRS/SUHCF is shown on Figure 

4. 


The assembly of the prototype integrated system was completed in Spring- 
born Laboratories' Engineering Model Shop with components emd parts lists that 
are tabulated on List 9 Parts S\mimciry. 

The flow diagreun of the integrated system is shown in Figure 5. 

The weight of the integrated prototype is 545 pounds C247 kilograms) which 
includes the prototype electromagnetic relay panel of 45 pounds (20 kilograms) 
and frame envelope of 159 lb. 


0 Registered Trademark 
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FLOW DIAGRAM PWWWRS/SUHCF SYSTEM 













TASK 4: TESTING THE COMBINED PROTOTYPE WASH WATER/ 

HAND CLEANSING FIXTURE TO DEMONSTRATE 
ITS ABILITY TO FUNCTION WIIHIN 
DESIGN SPECIFICATIONS 

The integration of the two syeteos having been completed in Tjwk 3 of 
the contract, testing of the unit was conducted. The objectives of these 
tests were to produce recledjned water within the tentative wash water 
standzurds per Table 7 and observe and correct any malfunctions in the 
system. 

An extended operation of the system was sdveduled during which data on 
water use, pressure dr<p and flow rates were monitored. The final product 
water was analyzed for conductivity, so^ content, resistivity, PH, toteil 
organic content, and total nitrogen content. 

The water, spiked with trace amoimts of salts, glucose, urea and lactic 
acid, (refer to Table 1) , was poured into the hand cleansing bowl along with 
soap. Ferric chloride wzis automatically dispensed to the mix chamber as be- 
fore, during eadi cycle. The test series involved (12) twelve treatment 
cycles with a total quantity of 113 liters (30 gallons of water passing 
through the system. The system was closed loop except for the addition of 
the contaminates described previously. 

The test was conducted assuming 181 gallons (0.4 lbs) water per wash and 
20 washes per day for a 30 day mission simulation. Figure 21, Appendix page 
A-25. 

The procedure followed during the test was as follows: 

1. The supply tank was charged with 19 liters (5 gallons of distilled 
water, PH 5.9. 

2. The soap tank was charged with 3.48 liters (0.9 gallons) of soap 
solution, PH 10.1 (15% SB-40). 

3. The ferric chloride tank was charged with 3.48 liters (0.9 gallons) 
FeCl 3 solution, PH 3.0 (3.76% FeCl 3 ) . 

4. Water from the supply tank was discharged to fill a 1.93 liter 
(1/2 gallon) jar 4.17 lb - allowing approximately ten 0.4 pound 
wa ihes . 

5. Ten (10) shots of soap solution (21 ml nominal) were collected in 
a jar at the soap nozzle and added to the 1/2 gallon of water 
(item 4) . 
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6. Ten (10) shots of F6C1^ solution (21 ml nominal) dispensed con- 
currently with the soap by the dispenser valve were automatically 
fed to the mixing chamber in normal operation. 

7. The 1/2 gallon of soap-water mix was spiked by the addition of 
4 ml mixed salts solution (Table 1) . 

8. The spiked, soap water mix was poured into the wash basin, 
drained into the air/water separator sxnnp and transferred to 
the waste tank. 

9. This process was repeated until 3 gallons (11 liters) were in the 
waste tank. 

10. At this point in the test, the unit was switched to treatment/ 
transfer mode and the 3 gallons were transferred to the mixing 
tank. 

11. After a 5-minute delay for flocculation to occur, the mixture in 
the mixing tank was run through the filter system back into the 
supply tank. 

12. The cQsove process was repeated for the duration of the simulation 
until a total of 30 gallons had been processed through the unit. 

13. During the course of the simulation test, some of the original 
supply of water was lost either as retained samples or duirng a 
filter cartridge replacement (T5 filter) and an ion exchange re- 
placement (T3) following S 2 uaple number 7. Because of this loss of 
water, cycles after test number 6 were run in nominal 2 gallon 
batches . 

The results of the extended trials are tabulated in Table 8. 
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TABLE 7 


TENTATIVE WASH WATER STANDARDS 


TOTAL ORGANIC CARBON (TOC) , MG/L 
SPECIFIC CONDUCTIVITY, UMH0-CM“^ 
pH 

AMMONIA, MG/L 
TURBIDITY, PPM SIO 2 
COLOR, PT-C UNITS 
FOAMING 

ODOR 

TOTAL DISSOLVED SOLIDS (TDS) , 
MG/L 

UREA, MG/L 
LACTIC ACID, MG/L 
NACL, MG/L 

MICROORGANISMS, NUMBER PER ML 


200 

2000 

5 to 7,5 
5 

10 

15 

NONPERSISTENT MORE THAN 
15 SEC. 

NONOBJECTIONABLE 

1500 

50 

REFERENCE ONLY 
1000 
0 
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DISCUSSION OF RESULTS 


The product water was well within the Tentative Wash Water Standards 
for conductivity, pH, total Organic Carbon (TOC) , Urea (as a f\inctlon of TON) , 
and NaCl (as a function of conductivity) as indicated in Table 9. The TOC 
and TON tests were conducted on batch munber 12; the urea concentration, as 
a function of TON, is higher than found during initial testing of the Stand- 
Alone PWWWRS unit (Task 1) and indicates a build-up as a result of repeated 
recycling. Some of. the urea is apparently being removed by the adsorbers, 
however. Were none of the urea being removed, a batch 12 (final concentration) 
would be in the range of 60 ppm. While the urea concentration is high, it is 
within the Tentative Wash Water Standards. 

Likewise, the TOC result for batch 12 is higher than wm found during 
testing of the Stand-Alone PWWWRS (Task 1) and again reflects the effect of 
repeated cycling of the water. The identity of this unremoved organic com- 
ponent (s) will be determined as part of a futvire effort. 
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TXBLS 9 

PWffWRS PRODUCT WATER QUALITY VERSUS 
TENTATIVE WASH WATER STANDARDS 



Coflidlnad 

"Stand-Alona" 



SURCF/PWWWRS 

PWWWRS Taat 


Paranatar 

Taat Raaulta 

Raaulta 

Watar Standard 


I Total Organic Cai^n 
i (TOC), ng/1 

1 

’ Spaclflc Conductivity 
! uniho**c&*^ 
j (raslstlvitytoharca) 


2.6 - 8.9 
(111,000-370,000) 
5.4 to 7.2 

32 ( 1 ) 

2 — 5 


19 to 103 
0.5 to 2 

(400,000-2,000,000) 

6.3 

,,.( 1 ) 


^ 2,000 
(^ 500) 
5 to 7.5 
50 

1,000 


(1) aa a function of TON 




APPENDIX 


Ihe spacecraft utensll/hand cleansing fixture control panel wiring 
diagram Is available on Drawing No. SK8ZG51 (code Identification number 
04236 Size D, Martin Marietta Corporation^ NASA Contract NAS9-15880. 

In the Integrated prototype PHWWRS-SUHCF, the soap solenoid valve 
circuitry Is not utilized in this panel. Removal of the non- functioning 
conqponents In the panel was not done because of time and budget limita- 
tions. 

Refer to Summeuy List 9, page Al, for contents of the Appendix. 
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Description 
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20 
21 

22 

23 


24 

25 


Prototype Major Components Front View 

Prototype Right Side View 

Prototype Left Side View 

Control Components 

Air Supply System 

Soap and FeCl 3 System 

Water Supply System 

Mixing System 

Waste Water System 

Filter System 

Wiring Diagr 2 un 

Wiring Diagram 

Mixing Tank 

Waste Tank 

Prototype Frame 

Demonstration Hand Washing 

PWWWRS/SUHCF Prototype 

PWWWRS/SUHCF Recharging System 

REAR VIEW PWWWRS/SUHCF 

Sampling Valves at Top Mixing 

Tank and Deareator 

CP 162 Chassis 

Wiring Diagram 
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^IGINAL pass is 

OF POOR QUAUW 



PWWWRS/SUHCF 
LEFT SIDE VIEW 

FIGURE 8 
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ORIGINAL PAGE 13 
OF POOR QUALITY 


1 

HunMr 

Part 

1 

Air CoMprMSor 

2 

Pr«stur« Switch 

3 

Air Stora^a Tank 

4 

Air Ragulator 

S 

PaClj Tank 

6 

Soap Tank 

7 

OlapanM Valva 

a 

Hand Mashlnq Enclosure 

9 

Supply Tank 

10 

StSKF Matar Kaatar 

11 

Liquid Gas Separator 

12 

Stap Po^ 

13 

Pressure Switch 

14 

Haste Tank 

IS 

Mixing Tank 

16 

Motor Actuated Sell Valve 

17 

String yiltsca 

13 

Ion Exchangers 

19 

Charcoal Filters 

20 

Conductivity Sensor 

21 

PHNHHS Control Panel 

22 

Pressure Sage Panel 

23 

SOBCF Hand Hashing Enclosure Panel 

24 

SOHCF Valve Plats 

2S 

SOHCF Control Plan 

26 

SOBCF Power Supply | 

27 

PHmns Valve Plate { 

28 

SOBCF Air Blow ! 

29 

SOBCF Charcoal Filter ' 
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PARTS 


LIST CONTROL COMPONENTS 
FOR FIGURE 9 


LIST 2 
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ORIGINAL PAGE 13 
OF POOR QUALITY 



AIR SUPPLY SYSTEM 
FIGURE 10 
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ORIGINAL 

OF POOR QUALITY 


1 I 

PMff ?W. . OESCRIPTIOW I MATSRIM. ■ 3TY. 


I 

1 

Thomas Coapresfor 607CE40 


! i 


6-32 Soc. HD. Cap Screws 

Steel 

4 


Check Valve 1/4 HPT Parker 

Stainless Steel 

i 1 

i 6-4 CBZ fletin? Parker 

Stainless Steel 

; 2 - 


4-4 FHC Parker 

Stainless Steel 

i 1 

1 Skinner BB 3-Ha/ Valve 

Stainless Steel 

I 5 

1 Valve Manifold 

Brass 

’ 1 

: ClosA NipplA 1/4** NPT 1 StainlAss St««l 

i 3 


Coupling 1/4" HPT 

Stainless Steel 

1 1 

2 

Square "D* Puaptroll ..I I 

Pressure Swrt^ Ho. FHG-12 1 i 


Mounting Bracket 

Aluminum 

! 1 


Cable set, Screw Connector 

Aluminum 

: 2 


1/4-20 soc. HD. Cap Screws 

Steel 

i 2 


4-4-4 Ft. Fitting Parker 

Stainless Steel 

' r ' ^ ; 

3 

2-<jelion Air storage Tank ziT 

tbmnrivm - rmnle 


t 

! 1 


Modified Onistrut Pipe strap 2o62-Sod Steel 

1 

1 1 


Petcock 1/8 HPT 

Brass 

i 1 


Pressure Begulator Hatts Model 
#R- 364-02 

Brass 

i 1 


0-30 Psi Helicoid *3505-1 Oaoe 

Brass 

! 6 

1 6-4 FBZ Fittina Parker 

Stainless Steel 

1 s 


6-2 FBZ Fitt:.ng Parker 

StainlAfs StAAl 

i 9 

^ 6-2 DBZ FitCino Parker 

Stainless Steel 

! 6 

l6-2 CBZ Fitting Parker 

Stainless Steel 

1 1 


6-6-4 RBZ Pitting Parkmr 

Stainless Steel 

i 1 


6-6-6 JBZ Fitting Parker 

Stainless steel 

i 7 


6-2 TZHZBZ Fitting Parker 

Stainless Steel 

! 3 


(jouid Imperial Eastman 
!66 -p- 3/S Tubing ! 

_ES 

' a/r 

1 

^ 

1 


PARTS LIST 

AIR SUPPLY SYSTEM FIGURE 10 
LIST 3 
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9AXT ^X3. 


5 



OaCXZTTXON 


3/4 to 1/4 NPT Coualinq 


Modifiod SOMCF Tank Strap 


4-4>4 Ft. Fitting Farkar 


i Staai 


Stainiaaa Staai 


I Stainlasa Staai 


15/16 - 32 to i/4 NPT Coupiing 




Stainiaaa staai 





6>4 CBZ Fitting Parkar 

Stainiaaa Staai 

4-4 FIZ Fitting Parkar 

I Stainiaaa Staai 



PARTS LIST 

FOR SOAP AND FeCl3 SYSTEM FIGURE 11 
LIST 4 
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OF POOR QUALITY 



WATER SUPPLY SYSTEM 
FIGURE 12 



ORIGINAL PA2L Tj 
OF POOR QUALITY 


■■ I ' ■ 

?AKT MO. I' DnCKiynOM I MATIKIAX. i QTC . 

I ^ 



SOMCr Tank Strap j 

Aluainua 

1 


SOKCr Flow Indicator 

1 

Brata t 

1 


6-4 CBZ Pittinq Farkar 

seainlaaa staal 

1 


1 

16-6 RB Fittinq Farkar 1 

stainlaaa Staal i 

1 


5/16-32 to 1/4 HFT Couplinq j 

stainlaaa staal 1 

1 


6-4 RB Fittinq Farkar | 

Stainlaaa staal ! 

1 


ICloaa Nippla 1/4 NFT I 

Stainlaaa Staal 1 

1 


4-4-4 Ft Fittinq Farkar 1 

Stainlaaa Staal 

1 


6-6-6 JIZ Fittinq Farkar | 

Stainlaaa Staal | 

1 


6-4 FSZ Fittinq Farkar { 

Stainlaaa Staal ! 

3 


4-4 FBZ Fittinq Farkar 

Stainlaaa Staal | 

1 


whitay SS4234 Ball Valva 

Stainlaaa Staal 1 

i 

4 

10 

SONCF watar Haacar 

1 

1 


Micro Fuaip «12A-31'316 1 

Stainlaaa Staal 1 

1 

1 1/4-20 SOC Hd. Cap Seraw | 

Staal 

1 8 


SORCr Fraaaura Switch 

1 1 


$%Mqlok Fraaaura xalaaaa valva 

1 1 

[ StAinl«S« StMl 

! 1 


4-4 CBZ Fittinq Farkar I 

Stainlaaa Staal 

1 1 


4-4-4 JBZ Fittinq Farkar 

1 Stainlaaa Staal 

1 4 


4-4 C3Z Fittinq Farkar 

Stainlaaa Staal 

1 7 


6-4 HBZ Fittinq Farkar 

1 Stainlaaa staal 

1 


Skinnar 8Z 2-way Valva 

1 Stainlaaa Staal 

i ^ - 

|l/4" 00 Tubin 9 x .03S Wall 

1 Stainlaaa Staal 

i A/R 


j 3/8 00 Tubinq x .035 Wall 

j Stainlaaa Staal 

i A/R 



J 


r 


T T 

j I I 

I ! . . L 


PARTS LIST 

WATER SUPPLY SYSTEM FOR FIGURE 12 
LIST 5 


A-13 



ORIGINAL PACi£ 

OF POOR QUALITY 



cioM Hipeia 1/4 ecrr 


tibow 1/4 


JanlclM Motor tetuoead lall v«lv« #203 st«inl««a StMl 



PARTS LIST 

MIXING SYSTEM FIGURE 13 
LIST 6 
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ORIGINAL RAQL m 
OF POOR QUALITY 



WASTE WATER SYSTEM 
FIGURE 14 



original 

OR POOR QUAUTY 



SCMl 


SCalnlvst StMl 


|4-4 PIZ Pitti 


Parker 

1 Stainleaa st.Ml 


1 4'^ CB2 riccinq 9ukmt 


! <>4 nz fitting MrlMr 


ISquan "O” PTMaux* Switch 49012 


Itcinlcas SCmI 


• tcinlcsa StMl 



SkiniMc U 


nz rittinc Sarkac 


Parker 


Varkar 


nz rittinc Parker 


Parker 


S/16-32 to 1/4 kn' Coupling 


12-4 KB Pitting Parker 


Cloae kipple 1/4 vfT 


6-6-6 Ft Pitting Parker 


Iwhitey SS42S4 Sell Valve 




Stainlaee Steel 


stainleae StMl 


Stainleaa StMl 


Stainleaa StMl 


i Stainleaa StMl 


Stainleaa Steel 


stainla.a Steel 


Stainlaaa StMl 


I Stainleaa StMl 


PE 
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